Objective: To determine the difference in skeletal response to orthodontic treatment between patients with bilateral disk derangement and normal disk position of the temporomandibular joint (TMJ). Materials and Methods: Subjects consisted of 46 women whose malocclusions were treated only by orthodontics. All patients had TMJ magnetic resonance imaging (TMJ MRI) taken prior to orthodontic treatment. They were classified into three groups according to results of the TMJ MRI: bilateral normal disk position (BN), bilateral disk displacement with reduction (BDDR), and bilateral disk displacement without reduction (BDDNR). Twenty cephalometric variables were evaluated by the Kruskal-Wallis test to identify any differences in morphological changes between the three groups during orthodontic treatment.
INTRODUCTION
Disk displacement (DD) is the most common type of temporomandibular disorder and is characterized by progressive disk displacement of the articular disk, which may lead to temporomandibular joint (TMJ) clicking, crepitus, and in some cases, pain and limia Assistant Professor, Department of Orthodontics, School of Dentistry and Dental Research Institute, Seoul National University, Seoul, Korea.
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Corresponding author: Dr Shin-Jae Lee, Department of Orthodontics, School of Dentistry and Dental Research Institute, Seoul National University, 28-22 Yunkeun-Dong, Chongro-Ku, Seoul 110-768, Korea (ROK) (e-mail: nonext@snu.ac.kr) tations in jaw movement. 1, 2 DD is the principal clinical sign of internal derangement, which progresses from a reducing to a nonreducing state. 3, 4 DD contributes to changes in facial morphology, because it can alter the condylar and mandibular morphology, resulting in facial changes. [5] [6] [7] [8] [9] [10] [11] [12] A backward rotation of the ramus and mandible, a short ramal height, a decrease in effective mandibular length, and mandibular asymmetry are the skeletal characteristics of patients with TMJ DD. Specifically, a backward rotation of the ramus and a decrease in effective mandibular length are reported as early cephalometric signs of TMJ DD. 9, 10, 12 These skeletal characteristics become more severe as DD progresses. 9, 10, 12 There have been many arguments about the role of orthodontic treatment in TMJ DD and vice versa, but only a few studies to date, [13] [14] [15] [16] [17] [18] [19] and in those, the effects of orthodontic treatment were not sufficiently analyzed. Some investigators suggest that orthodontic treatment may play a causative role in the development of TMJ DD, 13, 14 whereas others say that orthodontic treatment may not be a risk factor for the development of signs and symptoms of temporomandibular disorder (TMD), though this is not specific to TMJ DD. [15] [16] [17] [18] [19] These studies evaluated differences in TMJ sounds, tenderness, and TMJ or muscle pain, which are all subjective signs of TMJ DD and as such may not be reliable. Additionally, many studies on the relationship between orthodontic treatment and TMJ DD have been based on anecdotal evidence or retrospective studies. 5, 14, 17, 19 Because the examination methods were not standardized, the studies to date have lacked objective and quantitative rigor.
Until recently, the research on orthodontic treatment has assumed that the condyle and TMJ are normal in all patients receiving various orthodontic treatments. However, we believe that diagnoses and treatment plans should consider the status of TMJ in patients with TMJ DD, because the dentofacial morphology in patients with TMJ DD can be influenced by orthodontic treatment.
Recently, the occurrence of patients with TMJ DD has been gradually increasing in orthodontics because of the prevalence of TMJ DD increasing with age and the increased number of adults undergoing orthodontic treatment. 15 In addition, adult patients no longer have the capacity to compensate for TMJ DD through growth and development. The purpose of this study was to evaluate differences in the skeletal response to orthodontic treatment between adult patients with bilateral TMJ DD and patients with bilateral normal disk position, based on TMJ magnetic resonance imaging (MRI).
MATERIALS AND METHODS
All the subjects in this retrospective study had a primary complaint of a malocclusion. Irrespective of TMJ status, all subjects consented to a bilateral high-resolution MRI in the sagittal (open and closed) and coronal (closed) planes to evaluate their TMJs. The MRIs were obtained using a Signa Horison (GE, Waukesha, Wis) operating at 1.5 T and with a unilateral 3-inch surface receiver coil (GE). Initially, the axial scout images were obtained at the level of the TMJs in order to identify the long axes of the condyles. Nonorthogonal sagittal sections were obtained perpendicular to the condyles, and nonorthogonal coronal oblique sections were also obtained. Closed-mouth images were taken at a maximum dental intercuspation, and openmouth images were taken at the maximum unassisted vertical mandibular opening using a Burnett bidirectional TMJ device (Medrad, Pittsburgh, Pa). T1-weighted 600/12 (repetition time [TR] ms/echo time [TE] ms) and proton-density 4000/14 (TR ms/TE ms) pulse sequences were performed in the sagittal plane using a 3-mm slice thickness, a 10-cm field of view, two excitations, and an image matrix of 254 ϫ 192 pixels. T1-weighted 500/12 (TR ms/TE ms) pulse sequences were performed in the coronal plane under the same conditions.
Radiologists with TMJ MRI experience interpreted the images without clinical information on the patients. According to previous criteria, 20 TMJ disk status was divided into three categories: normal disk position, disk displacement with reduction, and disk displacement without reduction. Cases lacking the clarity necessary for the diagnosis of DD were rejected.
The subjects were selected from a pool of patients according to the following inclusion criteria: Forty-six women were selected from 245 patients. The patients were divided into three groups based on their TMJ MRI results: BN (Group 1), BDDR (Group 2), and BDDNR (Group 3). All subjects were treated using a preadjusted appliance with 0.022-inch slots. There was no significant difference in age at the start of orthodontic treatment or treatment time among the three groups (Table 1) .
Pretreatment and posttreatment lateral cephalograms were analyzed. A single investigator traced all cephalograms. The tracings were digitized with a digitizer interfaced with a desktop computer. Fifteen landmarks, from which 20 variables were calculated, were digitized on each radiograph. For convenience of analysis, the variables were subdivided into four catego- Descriptive statistics for each variable were calculated at pretreatment (Table 2 ) and posttreatment stages (Table 3) , and during orthodontic treatment ( Table 4 ). The skeletal changes during the treatment were described by subtracting the pretreatment from the posttreatment value of a given variable. The Kruskal-Wallis test was used to determine any significant differences in dentofacial morphology at the pretreatment and posttreatment stages and skeletal changes during orthodontic treatment among the three groups. A Mann-Whitney U-test was performed with a significance level of ␣ ϭ .05 to compare differences between groups.
A random sample of 10 cephalometric radiographs were traced and digitized 1 month after they were originally traced in order to test the magnitude of error during landmark identification, tracing, and digitization. Using Dahlberg's formula, 21 the error ranged from 0.12 to 0.68 mm for the linear measurements and from 0.20 to 0.78Њ for the angular measurements. Table 2 shows the differences in dentofacial morphology at the onset of treatment. Eleven of 20 cephalometric variables showed statistically significant differences. The differences were mainly because of the discrepancies between group 3 and groups 1 or 2. The patients with BDDNR had the largest ANB, facial con- vexity, and overjet, and a steeper maxillomandibular plane angle and ramus inclination. This indicates that the patients with BDDNR had a larger anteroposterior jaw discrepancy and a more hyperdivergent skeletal pattern than those with BN or BDDR. The skeletal discrepancies shown at the pretreatment stage persisted after the orthodontic treatment ( Table 3 ). The anteroposterior and vertical skeletal discrepancies were still present between the subjects in groups 1 or 2 and group 3 at the end of the treatment. These results suggest that orthodontic treatment could not treat the skeletal Class II pattern with vertical dysplasia in patients with BDDNR. Nevertheless, achieving a normal range of overjet and overbite means that the dental problems of the patients can be corrected relatively well by orthodontic treatment. Table 4 shows the changes in skeletal variables of the three groups during orthodontic treatment. SNB, N perpendicular to pogonion, SN to mandibular plane angle, total anterior facial height, ramus inclination, and effective mandibular length showed statistically significant differences between groups 1 and 2, whereas differences in overjet were significant between groups 1 and 3. 
RESULTS

DISCUSSION
Generally, successful orthodontic treatment is based on the assumption that the condyle and the TMJ respond normally to various orthodontic treatments. Normal joints may respond to therapeutic orthodontic forces in a favorable and regular manner, but structurally damaged joints, such as in TMJ DD, may respond in an unfavorable and pathologic manner because the functional environment of the TMJ and its adaptive capacity are altered. [22] [23] [24] This indicates that orthodontic treatment may have a detrimental effect on patients with TMJ DD and vice versa. A few studies suggest that orthodontic treatment may be a contributing factor for the development of TMD or TMJ DD. 5, 13, 14 In particular, Drace and Enzmann 13 evaluated 30 asymptomatic volunteers with MRI and found six subjects with internal derangement who had orthodontic treatment. However, no objective evidence has been reported about the effect of orthodontic treatment on changes in dentofacial morphology in patients with TMJ DD. The purpose of this study was to evaluate whether there are any differences in the skeletal response to orthodontic treatment between patients with bilateral TMJ DD and BN.
It was very difficult to collect patients with TMJ DD who were treated only with orthodontics, because TMJ DD patients often sought to correct their other skeletal discrepancies, such as a retrognathic mandible, a vertical skeletal dysplasia, and mandibular asymmetry. [6] [7] [8] [9] [10] [11] [12] As such, many TMJ DD patients selected surgical orthodontic treatment, which excluded them from our study, because it was not possible to determine the skeletal response of dentofacial morphology to orthodontic treatment. Patients with unilateral DD or those with more severe DD on the unilateral than the contralateral side were also excluded from our study, because the effect of orthodontic treatment on the affected side could not be determined accurately from the lateral cephalograms. From the initial pool of over 200 candidates, 46 patients were selected.
Previous studies showed a significant difference in dentofacial morphology between subjects with TMJ DD and BN. These included decreases in posterior facial height and ramus height, and a backward rotation and retruded position of the mandible. 9, 10, 12 These changes became more severe as DD progressed to BDDNR. The present study also showed significant skeletal discrepancies in dentofacial morphology be- tween patients with BN and those with BDDNR. However, there were no statistically significant differences between patients with BN and those with BDDR (Table  2) . Additionally, the skeletal discrepancies between BN and bilateral DD were much less than those previously reported, which had shown discrepancies in the dentoskeletal morphology between BN and BDDR. 9, 10, 12 This could be because the patients in our study were treated only with orthodontics, because these patients had less severe skeletal problems than those treated with surgical orthodontic treatment.
The results of this study showed some statistical differences in the skeletal response to orthodontic treatment between patients with BN and bilateral DD (Table 4). Only six skeletal variables, including SNB, N perpendicular to pogonion, SN to mandibular plane angle, total anterior facial height, ramus inclination, and effective mandibular length were significantly changed after orthodontic treatment in patients with BDDR compared to those with BN. On the other hand, changes in overjet were much greater in patients with BDDNR than in those with BN. In the case of overjet, the significant changes during treatment were the results of orthodontic treatment, because patients with BDDNR initially had a significantly larger overjet compared to those with BN at the pretreatment stage (Table 2).
However, the differences in treatment changes of the six skeletal variables may not have been intentional. All six variables showed significant differences only between patients with BN and those with BDDR. The mandible moved and rotated backward after treatment more in patients with BDDR than in those with BN. This change was accompanied with increased anterior vertical dimensions, as total anterior facial height revealed significant difference between the two groups. The most reasonable explanation for these changes may be the inadequate response of TMJ to orthodontic treatment. TMJ DD is a localized disturbance in the functional environment of TMJ [22] [23] [24] that can result in inadequate remodeling in the condylar region, which in turn portends changes in dentofacial morphology during orthodontic treatment.
Nevertheless, there were no significant differences in dentofacial morphology during orthodontic treatment between patients with BN and those with BDDNR. If orthodontic treatment influences the TMJ and results in skeletal changes in patients with TMJ DD, patients with BDDNR would be affected more than those with BDDR, because patients with BDDNR have the most significant skeletal discrepancies (skeletal Class II with severe vertical dysplasia) as well as TMJ problems before treatment (Table 2) . However, the patients with BDDNR did not show significant differences in their orthodontic responses compared with the other two patient groups. This can be explained by differences in treatment options between the patients with BDDR and those with BDDNR. Surgical orthodontic treatment should have been performed in the patients with BDDNR because of their severe skeletal dysplasia before orthodontic treatment. However, these patients selected nonsurgical treatment options.
We made constant efforts to minimize the further clockwise rotation and backward movement of the mandible, which could prevent unfavorable changes in the skeletal relationship during orthodontic treatment. For example, highpull headgear and transpalatal arches were used in the majority of the patients with BDDNR to prevent aggravation of their severe skeletal dysplasia. These efforts may help successful adaptation of the TMJ to orthodontic treatment and prevent unfavorable vertical skeletal changes in patients with BDDNR. In contrast, the patients with BDDR were treated in a similar way to those with BN, because the patients with BDDR had less severe skeletal problems than those with BDDNR and exhibited similar skeletal patterns to those with BN ( Table 2 ). The results of this study indicate that successful orthodontic treatments are possible in patients with DD.
This study suggests that orthodontic treatment should be carefully applied to patients with BDDNR. First, we did not include patients who had greater skeletal discrepancies and required surgical orthodontic treatment. Therefore, patients showing relatively fewer skeletal discrepancies were included and corrected only by orthodontic treatment. Second, backward rotation and movement of the mandible during orthodontic treatment was also shown in patients with BDDNR, although there were no statistically significant differences between groups 1 and 3 (Table 4) . Additionally, the clinical signs and symptoms of TMJ DD, which would inhibit commencement of orthodontic treatment, were treated completely before orthodontic treatment, although some patients with TMJ DD did not show any specific clinical signs or symptoms of TMJ DD.
CONCLUSIONS
• Patients with BDDNR showed more backward position and rotation of the mandible than those with BN or BDDR at the pretreatment stage. The skeletal discrepancies persisted after orthodontic treatment.
• Patients with BDDR showed more backward movement and rotation of the mandible during orthodontic treatment than those with BN.
• Patients with BDDNR, who had more severe skeletal discrepancy than those with BN or BDDR, did not show any significant skeletal changes during orthodontic treatment.
